Individuals exposed to adverse childhood experiences (ACEs) are vulnerable to various health problems later in life. This study was designed to determine whether participation in an efficacious program to enhance supportive parenting would ameliorate the association between ACEs and prediabetes status at age 25. Rural African American parents and their 11-year-old children (N = 390) participated in the Strong African American Families (SAAF) program or a control condition. Each youth at age 25 provided a total ACEs score and a blood sample from which overnight fasting glucose was assayed. Logistic regression equations were used to test the hypotheses. The logistic regression analyses revealed a significant interaction between total ACEs and random assignment to SAAF or control, OR = 0.56, 95% CI [0.36, 0.88]. Follow-up analyses indicated that, for participants in the control condition, a 1-point increase in ACEs was associated with a 37.3% increase in risk of having prediabetes. ACEs were not associated with the likelihood of having prediabetes among participants in the SAAF condition. Control participants with high total ACEs scores were 3.54 times more likely to have prediabetes than were SAAF participants with similar scores. This study indicated that participation at age 11 in a randomized controlled trial designed to enhance supportive parenting ameliorated the association of ACEs with prediabetes at age 25. If substantiated, these findings may provide a strategy for preventing negative health consequences of ACEs.
Introduction
Interest is mounting among pediatrics scientists and practitioners regarding the hypothesis that adverse childhood experiences (ACEs) influence physical health across the lifespan (Miller et al., 2011a; Shonkoff et al., 2009 ). This interest has been fueled by recent studies showing that people exposed to major psychological stresses in childhood experience elevated morbidity and mortality from the chronic diseases of aging. Adverse childhood experiences include maltreatment, neglect, and household dysfunction before the age of 18 years (Anda et al., 2006; Felitti and Anda, 2010) . ACEs are associated with an elevated risk of heart, lung, and liver disease; cancer; and health-related quality of life Caspi et al., 2006; Chartier et al., 2010; Dong et al., 2004; Dube et al., 2009; Felitti et al., 1998; Middlebrooks and Audage, 2008; Springer et al., 2007) . Individuals who report ACEs also demonstrate greater use of health care services and higher health care costs (Anda et al., 2008; Chartier et al., 2010) . This research reflects a dose-response relationship between numbers of ACEs and health outcomes, with the risk of health problems later in life increasing as exposure to ACEs increases (Felitti, 1993; Felitti et al., 1998) .
This study was designed to advance understanding of the association between ACEs and subsequent health status by testing hypotheses involving prediabetes among African American young adults living in the rural southern United States. Prediabetes is characterized by impaired glucose control; it is a precursor to diabetes and a contributor to numerous chronic diseases of aging, including heart disease and stroke (Middlebrooks and Audage, 2008) . Although more than 80 million people in the United States are prediabetic, with the prevalence for African Americans being alarmingly high at 39% (Centers for Disease Control and Prevention, 2014) , little is known about the link between ACEs and prediabetes. The study hypotheses were tested with a sample of rural African American youths who took part in a randomized prevention trial and were followed from preadolescence (age 11) to young adulthood (age 25). The preventive intervention, the Strong African American Families (SAAF) program, was designed to enhance supportive parenting and reduce harsh parenting (Brody et al., 2004 ); it will be described in more detail later. To measure prediabetes, an overnight fasting blood sample was assayed. The following sections present the study hypotheses and the rationale for them.
Accumulating evidence suggests that children exposed to ACEs display lasting alterations in the activity of the sympathetic-adrenal-medullary system and the hypothalamic-pituitary-adrenal axis (Garner et al., 2012; Middlebrooks and Audage, 2008; Miller et al., 2011a) . Dysregulation of these systems has downstream implications for glucose metabolism, insulin sensitivity, fat accumulation, and inflammatory signaling, all of which are implicated in the pathogenesis of prediabetes and type 2 diabetes (Black, 2006; Hotamisligil, 2006) . Thus, exposure to ACEs was hypothesized to predict prediabetes status during young adulthood.
The primary purpose of this study was to determine whether participation in a prevention program that enhances supportive parenting will ameliorate the association between ACEs and prediabetes status. To address this question, secondary analyses were conducted on data from the SAAF randomized, controlled trial. SAAF was designed to mitigate the negative impact of life stress on rural African American youths by increasing supportive parenting processes. Recent observational studies show that a history of receiving supportive parenting has health benefits that help to mitigate some of the hormonal, metabolic, and cardiovascular changes that follow childhood adversity. Supportive parenting buffers the effects of low childhood socioeconomic status (SES) on proinflammatory signaling profiles (Chen et al., 2011) , allostatic load (Brody et al., 2014a) , and metabolic profiles (Miller et al., 2011b) in adulthood. SAAF has demonstrated stress-buffering capacities for a wide range of psychosocial outcomes. Its results include increases in self-control and decreases in both drug use and conduct problems. These outcomes remained detectable at least 2 years after participation in SAAF . SAAF also has favorable effects on several healthrelevant biological processes, including inflammation (Miller et al., 2014) , catecholamine levels (Brody et al., 2014b) , and epigenetic aging (Brody et al., 2015) , 8 years after participation in the prevention program. Accordingly, this study tested the hypothesis that exposure to ACEs would be associated with prediabetes status among young adults who had been assigned to the control condition but not among those who had been assigned to the SAAF condition.
Methods

Participants
Participants in the SAAF trial included 667 African American families who resided in nine rural counties in Georgia. Details of the original SAAF prevention trial are provided elsewhere (Brody et al., 2004) . Briefly, a targeted youth from each family (mean age at pretest = 11.2, SD = 0.34) and the parent who had primary responsibility for the youth's care took part in data collections. At pretest, although the primary caregivers in the sample worked an average of 39.4 h per week, 46.3% lived below federal poverty standards. From the original sample of 667 youths, 500 were randomly selected, due to funding constraints, to participate in a collection of biological data at age 19; these data focused on hormonal assessments. At age 25, 408 of the subsample of 500 agreed to participate in a follow-up assessment by completing questionnaires. Of the 408 participants who completed questionnaires, 391 agreed to a blood draw for assaying of fasting blood glucose. One participant was excluded due to missing data on self-reported adverse childhood experiences. The remaining 390 participants constituted the sample in the present study. At age 11, 227 (62% of the original sample) of these participants had been assigned randomly to the SAAF condition and 163 (55% of the original sample) had been assigned randomly to the control condition. The attrition rates in the control and the SAAF conditions did not differ significantly. The original random assignment oversampled participants into the SAAF condition to ensure that the analyses involving the intervention condition would be adequately powered (see Brody et al., 2004) ; this accounts for the greater number of 25-year-olds who had been assigned to the SAAF group. At age 11, parents gave written informed consent to their own and their minor youths' participation, and minor youths gave written assent to their own participation. Each family was paid $100 after the assessment at pretest. At age 25, young adults gave written informed consent to their own participation, and each participant was paid $160 after the assessment and blood draw. The University of Georgia's Institutional Review Board reviewed and approved all study procedures.
Intervention implementation
The SAAF prevention program consisted of seven consecutive, 2-hour weekly meetings held at community facilities, with separate parent and youth skill-building curricula and a family curriculum (see Brody et al., 2012 for a complete description, including a summary of efficacy findings). Parents in the prevention condition were taught the consistent provision of instrumental and emotional support, high levels of monitoring and control, adaptive racial socialization strategies, and methods for communicating about sex and alcohol use. Youths learned adaptive behaviors to use when encountering racism, the importance of forming goals for the future and making plans to attain them, and resistance efficacy skills. Approximately 70% of the families attended four or more sessions. During the weeks when the intervention families participated in the prevention sessions, the control families received three leaflets via postal mail that described adolescent development and provided tips for stress management and exercise promotion. Past intervention assessments showed no evidence of control participants' having received information provided to the SAAF participants. To preserve the random nature of the group assignments, the analyses reported here included all families who completed the pretest regardless of the number of prevention sessions that they actually attended (an intent-to-treat analysis). These families were retained in the analysis to preclude the introduction of self-selection bias into the findings.
Data collection procedures
All data were collected in participants' homes using a standardized protocol. A field researcher who was also a certified phlebotomist went to each participant's home to collect self-report data and to draw a blood sample to be used to assess prediabetes status.
Measures 2.4.1. Intervention status and gender
Intervention status and gender were dummy coded. SAAF participants were coded 1 and control participants were coded 0; male participants were coded 1 and female participants were coded 0.
Family socioeconomic disadvantage
Six dichotomous variables formed an index of socioeconomic disadvantage at age 11 that was used as a control in the data analyses. A score of 1 was assigned to each of the following: family poverty based on federal guidelines, primary caregiver unemployment, receipt of Temporary Assistance for Needy Families, primary caregiver single parenthood, primary caregiver education level less than high school graduation, and caregiver-reported inadequacy of family income. The scores were summed to form the index.
Adverse childhood experiences
Young adults reported adverse childhood experiences on the Adverse Childhood Experiences (ACEs) questionnaire (Felitti et al., 1998 ). An ACEs score was calculated by summing dichotomized yes/no responses across 10 ACEs categories indicating the presence or absence of particular adversities that participants may have experienced before the age of 18 years: living with someone who was mentally ill or depressed, was a problem drinker or alcoholic or used street drugs, or went to prison; having parents who were separated or divorced; witnessing domestic violence; experiencing physical neglect (did not have enough to eat, wore dirty clothes, or no one protected them) or emotional neglect (no one in the family loved them or thought they were important); and experiencing physical abuse (parents or other adults hit, beat, kicked, or physically injured them), verbal abuse (parents or other adults swore at, insulted, or humiliated them), or sexual abuse (by adults or persons 5 or more years older than they were). The study sample's ACEs scores ranged from 0 to 7 (M = 1.25, SD = 1.44). The scores represented the following percentages: 0 = 35.6% (36.2% in the control group, 35.2% in the SAAF group); 1 = 35.1% (36.2% in the control group, 34.4% in the SAAF group), 2 = 13.3% (12.9% in the control group, 13.7% in the SAAF group), 3 = 7.7% (8.0% in the control group, 7.5% in the SAAF group), 4 = 3.6% (3.1% in the control group, 4.0% in the SAAF group), 5 = 2.6% (2.5% in the control group, 2.6% in the SAAF group), 6 = 1.3% (1.2% in the control group, 1.3% in the SAAF group), 7 = 0.8% (0 in the control group, 1.3% in the SAAF group).
Young adult type 2 prediabetes status
A field researcher who was also a certified phlebotomist went to each participant's home to draw a fasting blood sample. Participants were requested not to eat or drink after midnight prior to the blood draw. Blood was drawn into Serum Separator Tubes (Becton-Dickinson, Franklin Lakes, NJ), and centrifuged on site according to the manufacturer's instructions. Serum was harvested and frozen immediately on dry ice. At the end of the study, glucose was measured photometrically using a UV test on a Roche/Hitachi cobas c502 analyzer. The average intra-and inter-assay coefficients of variation were 0.7% and 1.8%, respectively. This assay has a dynamic range of 2-750 mg/dL. The operationalization of the prediabetes outcome conformed to the American Diabetes Association's (2015) prescription for determining clinical prediabetes status. This cutoff has both scientific and clinical validity. Young adults were classified as having prediabetes if they had a fasting glucose level between 100 mg/dL and 125 mg/dL, and as having diabetes if they had a fasting glucose level ≥ 126 mg/dL. Of 390 participants, 50 (12.8%) were classified as having prediabetes and 5 (1.3%) were classified as having diabetes. Because the size of the subsample with diabetes was deemed inadequate for meaningful analyses, the outcome of interest in this study was the presence of either prediabetes or diabetes (total n = 55, 14.1%: control group n = 25, 15.3%; SAAF group n = 30, 13.2%).
Potential confounds
The analyses controlled for adiposity, operationalized as BMI assessed at the home visit. The field researcher recorded the participant's weight and height and used them to calculate the BMI (weight in kilograms divided by the square of height in meters).
Plan of analysis
The data were analyzed in the following sequence. First, a two-factor multivariate analysis of variance was executed to evaluate the equivalence of the demographic and study variables for attrition status × prevention status. The results of the equivalence analysis were explained by the presentation of F-tests, along with means of continuous variables or frequencies of categorical variables. Second, the descriptive statistics and Pearson product-moment correlations among study variables for the control group and the SAAF group were computed. Third, a logistic regression model was executed to test the study hypothesis that participation in SAAF would ameliorate the association between ACEs and a heightened risk of prediabetes. The glucose concentrations were not normally distributed (mean = 91.84, SD = 20.23; skewness = 7.68, kurtosis = 77.60; Shapiro-Wilk test = 0.45, df = 391, p b 0.001) and remained so even after a log transformation was applied (mean = 1.96, SD = 0.07; skewness = 3.71, kurtosis = 27.91; Shapiro-Wilk test = 0.73, df = 391, p b 0.001). Therefore, a logistic regression was used to test the study hypothesis with prediabetes status coded as a binary outcome variable according to criteria from the American Diabetes Association (2015). The regression model included main effects of ACEs and assignment to SAAF or to the control condition, and a product term representing the interaction of the two variables. The odds ratios (ORs) and 95% confidence intervals (CIs) were also reported. All the analyses were conducted using SPSS version 22.0.
Results
To determine group equivalence, a two-factor multivariate analysis of variance was executed on the demographic and study variables for participants who did or did not provide blood samples at age 25 by prevention group assignment at age 11. Neither significant main effects of prevention group assignment nor significant interaction effects emerged (see Table 1 ). The hypothesis was tested that participation in SAAF would ameliorate the association between ACEs and a heightened risk of having prediabetes. Table 2 presents descriptive statistics and correlations among study variables for the control group and the SAAF group. A logistic regression equation, adjusted for gender, including main effects of ACEs and intervention assignment, as well as a multiplicative interaction term involving ACEs and assignment to SAAF or the control condition, was executed. The interaction analysis was executed based on the conventions that Aiken and West (1991) prescribed, whereby the ACEs are first mean centered and interactions are calculated as the product of the centered ACEs and prevention status. The analysis revealed a main effect for ACEs and a significant interaction between ACEs and SAAF participation (Table 3 , Model 1, OR = 0.57, 95% CI [0.37, 0.88]). This interaction retained its significance when the control variables were included in the analyses (Table 3 , Model 2, OR = 0.56, 95% CI [0.36, 0.88]). The estimated prevalence of prediabetes was plotted by ACEs and prevention status. These results, depicted in Fig. 1 , show that, among youths from the control condition, a 1-point increase in ACEs was associated with a 37.3% increase in risk of having prediabetes at age 25 (OR = 1.37, 95% CI [1.02, 1.84]). ACEs, however, were not associated with the likelihood of having prediabetes among participants who had been assigned to the SAAF condition (OR = 0.77, 95% CI [0.55, 1.07]). Among participants who experienced high childhood adversity (e.g., scored 3 or greater on the ACEs questionnaire), those who had been assigned randomly to the control condition had an estimated prevalence of prediabetes of 22.3%, whereas those who had been assigned randomly to the SAAF condition had an estimated prevalence of prediabetes of 7.5%. Furthermore, youths who experienced high childhood adversity and had been assigned randomly to the control condition were 3.54 times more likely to have prediabetes than were youths who experienced similar levels of childhood adversity and had been assigned randomly to the SAAF condition (odds of having prediabetes for control group = 0.223/(1-0.223) = 0.2870; odds of having prediabetes for SAAF group = 0.075/(1-0.075) = 0.0811; OR = 0.2870/ 0.0811 = 3.54).
Discussion
This study extends knowledge by documenting an association between ACEs and prediabetes status and demonstrating that participation in a parenting-based prevention program ameliorated this association. These findings are also noteworthy because the study was conducted with a sample of African American participants from low-SES backgrounds in the rural South, a region with some of the highest rates of prediabetes in the United States (Menke et al., 2015) . This is the first demonstration that a prevention program designed to enhance protective parenting processes can ameliorate the association between ACEs exposure and risk of developing prediabetes in young adulthood. From a public health perspective, uncoupling the link between ACEs and prediabetes is important because progression to type 2 diabetes reduces patients' quality of life and is a significant public health problem in the United States, with estimated financial costs of nearly $250 billion annually (American Diabetes Association, 2013). Hence, the 3.54-fold higher risk among participants with high ACEs in the control condition compared with similar participants in the SAAF condition is likely to have individual, public health, and economic implications.
The protective properties of SAAF converge with "parenting effects" commonly observed in animal models, wherein caregiving tendencies exert lasting influences on offspring physiology, particularly in the brain and in the endocrine and immune systems (Coe et al., 2007; Hofer, 1987; Zhang et al., 2006) . In human studies, mounting evidence reveals that supportive parenting can favorably mold stress-response tendencies among vulnerable children (Gunnar and Quevedo, 2007) . As mentioned in the Introduction, parenting has been shown to buffer the influence of exposure to adversity on children's neuroendocrine, immune, and neurocognitive systems (Shonkoff et al., 2009) . The results in this report reinforce the importance of parenting during childhood and adolescence for health outcomes across the lifespan (Repetti et al., 2002; Troxel and Matthews, 2004) .
From a primary prevention standpoint, efficacious family-centered programs designed to enhance supportive parenting are available for African American preadolescents, adolescents, and young adults . Participation in these programs has demonstrated stress-buffering effects on psychosocial outcomes such as adolescent drug use, and on biomarkers such as adolescents' catecholamine levels, inflammation levels, epigenetic aging , and, as this report demonstrates, prediabetes status. These stress buffering associations are strongest for youths growing up in the most challenging socioeconomic circumstances (Miller et al., 2014) . Taken together, accumulating research suggests that education and support for parents, even those living in challenging circumstances, that enables them to learn and practice important caregiving skills has the potential to promote supportive parenting, parents' confidence, and children's health and well-being.
Several limitations of this study must be noted. First, the SAAF trial was not designed to examine changes in prediabetes status. Prediabetes was not assessed when participants were 11 years of age; therefore, it could not be determined whether fasting glucose levels changed differentially over time for members of the intervention and control groups. At study entry, the SAAF and control groups were similar in terms of family poverty, parental education, family structure, parental age, and youth gender, suggesting that randomization worked to minimize pretrial group differences. Although the two groups were equivalent, unmeasured selection bias may have been operating. Second, because of the relatively small subsample of young adults who had prediabetes, the precise parenting practices, family strengths, or biological processes that could be responsible for the SAAF buffering effects could not be identified. We considered the possibility that SAAF rendered youths less vulnerable to substance use, the development of depressive symptoms or obesity, or the adoption of an unhealthful lifestyle, all of which would serve as potential mediators. These indirect/mediating pathways, however, did not reach statistical significance. Future research involving a larger sample of participants in which ACEs are assessed prior to the identification of prediabetes status is needed to identify the operative mediators. Finally, the findings' generalizability must be documented with other groups living in rural and in urban settings.
Conclusion
The findings underscore the vulnerability of children with high levels of ACEs to prediabetes in young adulthood. Other research also suggests that supportive parenting has the potential to offset these health risks. In this study, high levels of ACEs were associated with prediabetes status, but only among young adults from the control condition of the SAAF randomized trial; those who had participated in SAAF 14 years previously were more than three times less likely to have developed prediabetes. If substantiated, these findings may provide a strategy for preventing the health consequences of ACEs.
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